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ABSTRACT: 
Background: The emergence of carbapenem-resistant Klebsiellapneumoniae (CRKP) poses a critical threat to global 

healthcare due to limited therapeutic options and rapid transmission. This study aimed to identify and characterize 

carbapenemase genes, specifically bla<sub>OXA-48</sub> and bla<sub>CRKP-2</sub>, in clinical isolates of 

Klebsiellapneumoniae. Methods: A total of 156 K. pneumoniae isolates were recovered from 1000 clinical specimens and 

subjected to antibiotic susceptibility testing using the Kirby-Bauer method. Carbapenem-resistant isolates were further 

analyzed by minimum inhibitory concentration (MIC) testing, phenotypic detection (Modified Hodge Test and Combined 

Disc Test), and PCR-based genotypic characterization of OXA-48 and CRKP-2 genes. PCR amplicons were validated 

through BLAST sequence alignment. Results: Among the isolates, 18 (11.53%) showed resistance to imipenem-EDTA; 10 

were confirmed resistant by MIC testing (≥4 µg/mL). Phenotypic assays indicated carbapenemase production in 60% (MHT) 

and 70% (CDT) of resistant isolates. Genotypic analysis revealed that all 10 isolates (100%) harbored the bla<sub>OXA-

48</sub> gene, while none carried the bla<sub>CRKP-2</sub> gene. BLAST alignment confirmed 99–100% similarity 

with known OXA-48 sequences. Conclusion: The study highlights the predominance of OXA-48-type carbapenemase 

among clinical K. pneumoniae isolates, with no detection of CRKP-2. Molecular diagnostics remain essential for accurate 

detection and containment of carbapenem-resistant pathogens in healthcare settings. 
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INTRODUCTION 

The emergence and global dissemination of 

antimicrobial resistance (AMR) among Gram-

negative pathogens represents one of the most 

pressing public health threats of the 21st century. 

Among these, Klebsiella species—especially 

Klebsiellapneumoniae—have gained notoriety as 

significant nosocomial pathogens associated with high 

morbidity and mortality due to their ability to acquire 

and disseminate resistance determinants, particularly 

against last-resort antibiotics like carbapenems. 

Carbapenem-resistant Klebsiellapneumoniae (CRKP) 

infections are increasingly reported worldwide, posing 

a major therapeutic dilemma and challenging current 

infection control protocols in clinical settings [1,2]. 

Carbapenem resistance in Klebsiella species is largely 

mediated by the production of carbapenem-

hydrolyzing β-lactamases, commonly referred to as 

carbapenemases. Among the various classes of 

carbapenemases, KPC-type enzymes (notably CRKP-

2, a variant of KPC-2) and class D oxacillinases such 

as OXA-48 are two of the most clinically significant 

resistance mechanisms [3,4]. These enzymes 

hydrolyzecarbapenem antibiotics, rendering them 

ineffective and significantly limiting therapeutic 

options. The genes encoding these enzymes—

bla<sub>KPC</sub> and bla<sub>OXA-48</sub>—

are often located on mobile genetic elements such as 

plasmids, facilitating their rapid horizontal transfer 

among different bacterial species and strains [5,6]. 
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The bla<sub>KPC</sub> gene, first identified in the 

United States in 1996, encodes a class A serine β-

lactamase with broad-spectrum activity against β-

lactams, including carbapenems [7]. Among the 

numerous variants, CRKP-2 (a prevalent variant of 

KPC-2) is frequently reported in Asia and Europe and 

has been associated with multiple hospital outbreaks 

due to its robust dissemination potential [8]. On the 

other hand, bla<sub>OXA-48</sub>, a class D β-

lactamase gene, was first identified in Turkey in 2001 

and has since become endemic in the Mediterranean 

region, with increasing reports from South Asia and 

the Middle East [9]. Unlike KPC, OXA-48 exhibits 

relatively weak hydrolysis of carbapenems but may 

remain undetected in routine susceptibility testing, 

making it a silent yet formidable resistance 

determinant [10]. 

The accurate identification and molecular 

characterization of these carbapenemase genes are 

critical for timely diagnosis, outbreak surveillance, 

and implementation of effective infection control 

measures. Phenotypic methods, such as modified 

Hodge test and Carba NP test, often suffer from 

limited sensitivity and specificity, particularly in 

detecting OXA-48 producers [11]. Therefore, 

molecular diagnostics, including polymerase chain 

reaction (PCR) and sequencing, have become the gold 

standard for the detection of carbapenemase genes in 

clinical microbiology [12,13]. PCR-based assays 

allow rapid and specific identification of 

bla<sub>KPC</sub> and bla<sub>OXA-48</sub> 

genes directly from clinical isolates, thereby 

facilitating early intervention and epidemiological 

tracking. 

In recent years, the prevalence of carbapenemase-

producing Klebsiella species has shown a disturbing 

upward trend in various healthcare settings globally. 

In India, for instance, multiple surveillance studies 

have confirmed the co-existence of bla<sub>OXA-

48</sub> and bla<sub>KPC</sub> genes among 

multidrug-resistant Klebsiella isolates from ICU 

settings [14]. This not only complicates treatment 

strategies but also raises the risk of untreatable 

infections in immunocompromised patients. 

Moreover, the dissemination of these genes via high-

copy-number plasmids has led to the evolution of 

extensively drug-resistant (XDR) clones that are 

resistant to almost all available antibiotic classes 

[15,16]. 

The characterization of these genes at the molecular 

level also provides valuable insights into the 

epidemiology, clonal diversity, and resistance 

mechanisms of clinical Klebsiella isolates. 

Sequencing of CRKP-2 and OXA-48 variants, along 

with phylogenetic analysis, can reveal mutation 

hotspots, genetic linkages, and evolutionary 

trajectories of resistance determinants [17]. 

Additionally, studies have shown that integrons, 

transposons, and insertion sequences often play a 

crucial role in the mobilization and expression of 

these resistance genes [18]. 

Considering the alarming rise in CRKP and OXA-48-

producing Klebsiella strains and the severe 

implications for clinical management, there is an 

urgent need to strengthen molecular surveillance in 

both community and hospital settings. Identifying the 

distribution and frequency of these resistance genes in 

local clinical isolates will aid in tailoring 

antimicrobial stewardship policies, optimizing 

therapeutic regimens, and mitigating the spread of 

multidrug resistance. 

Thus, the current study focuses on the molecular 

identification and characterization of bla<sub>CRKP-

2</sub> and bla<sub>OXA-48</sub> genes in 

clinical Klebsiella species isolated from various 

samples during the study period. By employing PCR-

based techniques and sequencing, the study aims to 

uncover the genetic basis of carbapenem resistance 

and assess the potential epidemiological linkages 

among circulating strains. 

 

MATERIALS AND METHODS 

Study Design and Sample Collection 

This cross-sectional, laboratory-based study was 

conducted in the department of Microbiology, Pacific 

Medical College and Hospital Udaipur, Rajasthan. 

The isolates were obtained from both inpatients and 

outpatients attending tertiary healthcare settings. 

Samples were processed according to standard 

microbiological guidelines outlined by the Clinical 

and Laboratory Standards Institute (CLSI). 

 

Isolation and Identification of Klebsiella Species 

All samples were cultured on MacConkey agar and 

blood agar and incubated aerobically at 37°C for 18–

24 hours. Presumptive identification of Klebsiella 

species was based on colony morphology, Gram 

staining, and a battery of biochemical tests including 

triple sugar iron (TSI) agar, citrate utilization, urease 

production, indole, motility, and oxidase tests. Final 

confirmation was performed using the modified hodge 

test (MHT)and combined disk test (CDT) . 

 

Antibiotic Susceptibility Testing (AST) 

Antimicrobial susceptibility testing was carried out by 

the Kirby-Bauer disk diffusion method on Mueller-

Hinton agar in accordance with CLSI M100 

guidelines (2020). The antibiotics tested included: 

meropenem (10 µg), imipenem (10 µg), ertapenem 

(10 µg), ceftazidime (30 µg), cefotaxime (30 µg), 

ciprofloxacin (5 µg), gentamicin (10 µg), and colistin 

(10 µg). Isolates exhibiting reduced susceptibility to at 

least one carbapenem were selected for further 

Imipenem +EDTA (10/750)  Cefixime+ EDTA( 30) 

molecular analysis. Escherichia coli ATCC 25922 and 

Klebsiellapneumoniae ATCC 700603 were used as 

control strains. 
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Phenotypic Detection of Carbapenemase 

Production 

Phenotypic confirmation of carbapenemase 

production was done using the Modified Hodge Test 

(MHT) and Carba NP test, as per CLSI 

recommendations. A positive result was considered a 

presumptive indicator for the presence of 

carbapenemase genes. 

 

Genomic DNA Extraction 

Bacterial genomic DNA was extracted from overnight 

cultures using the boiling lysis method. A single 

colony was suspended in 200 µL of sterile nuclease-

free water, boiled at 95°C for 10 minutes, and 

centrifuged at 12,000 rpm for 10 minutes. The 

supernatant containing crude DNA was collected and 

stored at –20°C until further use. 

 

Agarose Gel Electrophoresis 

PCR products were separated on a 1.5% agarose gel 

stained with ethidium bromide (0.5 µg/mL) and 

visualized under UV illumination using a gel 

documentation system (Bio-Rad). A 100 bp DNA 

ladder was used to estimate the amplicon size. 

 

Sequencing and Gene Characterization 

Sequences were analyzed using NCBI BLAST to 

confirm gene identity and detect any nucleotide 

variations. Multiple sequence alignment and 

phylogenetic analysis were performed using MEGA-

X software. 

 

Statistical Analysis 

The obtained data were entered into an Excel 

spreadsheet and analyzed with Statistical Package for 

the Social Sciences (SPSS). The Pearson chi-square 

test was used to analyze the data and statistically 

significant level was accepted as less than 0.05. 

 

RESULTS 

Isolation and Identification of 

Klebsiellapneumoniae 

Out of 1000 clinical specimens, 400 isolates were 

confirmed as Klebsiella species based on 

morphological characteristics. Biochemical 

identification revealed 156 isolates as 

Klebsiellapneumoniae, which were subsequently used 

for phenotypic and molecular characterization. 

 

Antimicrobial Resistance Profile 

Antibiotic susceptibility testing of the 156 

Klebsiellapneumoniae isolates revealed significant 

resistance to several classes of antibiotics, particularly 

macrolides and β-lactams. Resistance against 

carbapenems was notably observed, with 33.97% of 

isolates resistant to meropenem, 37.82% to ertapenem, 

and 22.43% to imipenem. However, resistance 

dropped to 11.53% when imipenem was combined 

with EDTA, indicating potential metallo-β-lactamase 

activity. 

 

Table 1: Resistance to Carbapenems in Klebsiellapneumoniae 

Antibiotic Resistant Isolates (n, %) Sensitive Isolates (n, %) 

Meropenem 53 (33.97%) 103 (66.02%) 

Ertapenem 59 (37.82%) 97 (62.17%) 

Imipenem 35 (22.43%) 121 (77.56%) 

Imipenem + EDTA 18 (11.53%) 138 (88.46%) 

Statistical analysis (ANOVA) confirmed a significant variation in antibiotic resistance patterns (F = 143.28, p = 

0.00065). Chi-square test (χ² = 6.23) also affirmed statistical significance in resistance pattern distribution. 

 

MIC Determination for Carbapenem Resistance 

The 18 isolates resistant to Imipenem+EDTA on disk diffusion were subjected to E-test for MIC. Results 

showed that 10 isolates (55.55%) were resistant (MIC ≥ 4 µg/mL), while 8 isolates (44.44%) remained within 

the susceptible range (MIC ≤ 1 µg/mL). 

 

Table 2: MIC for Imipenem+EDTA among Resistant Isolates 

MIC Value (µg/mL) Number of Isolates Percentage 

≤ 1 (Susceptible) 8 44.44% 

≥ 4 (Resistant) 10 55.55% 

 

Phenotypic Detection of Carbapenemase 

Phenotypic methods were applied to the 10 carbapenem-resistant isolates (based on MIC): 

 Modified Hodge Test (MHT) showed positive results in 6 isolates (60%). 

 Combined Disc Test (CDT) identified 7 positive cases (70%). 

 

Table 3: Comparison of Phenotypic Tests 

Test Positive (n, %) Negative (n, %) Total 

Modified Hodge Test 6 (60%) 4 (40%) 10 
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Combined Disc Test 7 (70%) 3 (30%) 10 

Combined Disc Test appeared slightly more sensitive than MHT in identifying carbapenemase production. 

 

Genotypic Detection of Carbapenemase Genes by PCR 

All 10 carbapenem-resistant isolates (MIC ≥ 4) were subjected to PCR using specific primers for OXA-48 and 

KPC (CRKP-2) genes. The PCR analysis revealed that all 10 isolates(100%) harbored the OXA-48 gene, 

confirming its role in carbapenem resistance. No isolates tested positive for the CRKP-2 (KPC) gene. 

 

Table 4: Genotypic Detection by PCR 

Gene Targeted Positive Isolates (n, %) Negative Isolates (n, %) 

OXA-48 10 (100%) 0 (0%) 

KPC (CRKP-2) 0 (0%) 10 (100%) 

BLAST alignment of the amplicons against NCBI GenBank confirmed high similarity (99–100%) with 

Klebsiellapneumoniae reference strains, further validating the identity of OXA-48-positive isolates. 

 

DISCUSSION 

The present study investigated the molecular 

characterization of carbapenem-resistant 

Klebsiellapneumoniae isolates, focusing on the 

detection of two major carbapenemase genes: 

bla<sub>OXA-48</sub> and bla<sub>CRKP-

2</sub>. The findings indicate a high prevalence of 

OXA-48-producing K. pneumoniae isolates, which 

aligns with growing global reports of OXA-48 as a 

dominant mechanism of resistance, especially in 

regions of South Asia, the Middle East, and the 

Mediterranean basin [19,20]. 

Out of 156 K. pneumoniae isolates, 11.53% 

demonstrated resistance to the imipenem-EDTA 

combination. Interestingly, this resistance rate was 

lower than resistance to imipenem (22.43%) alone, 

suggesting the presence of metallo-β-lactamase 

activity in a subset of isolates. The reduction in 

resistance in the presence of EDTA, a known chelator 

of zinc ions required by metallo-β-lactamases, 

indicates a potential mixed mechanism of resistance 

that may include both metallo-enzymes and OXA-48-

type carbapenemases [21]. 

MIC testing further delineated resistance levels, 

confirming that 10 isolates had MIC values ≥4 µg/mL 

against the imipenem-EDTA combination, classifying 

them as highly resistant. These 10 isolates became the 

focus of subsequent phenotypic and genotypic 

analyses. Phenotypic detection using Modified Hodge 

Test (MHT) and Combined Disc Test (CDT) revealed 

carbapenemase activity in 60% and 70% of these 

isolates, respectively. The slightly higher sensitivity 

of the CDT supports previous studies that found MHT 

less reliable for detecting OXA-48-type enzymes, 

which have relatively low hydrolytic activity against 

carbapenems and often yield false negatives in 

traditional phenotypic assays [22,23]. 

The most significant finding of the study was that all 

10 resistant isolates tested positive for the 

bla<sub>OXA-48</sub> gene via PCR, while none 

carried the bla<sub>CRKP-2</sub> gene. This 100% 

detection rate confirms the pivotal role of OXA-48-

type carbapenemase in mediating carbapenem 

resistance in the local clinical isolates of K. 

pneumoniae. These findings are consistent with 

epidemiological reports from India, Pakistan, and 

Turkey where OXA-48 has emerged as the primary 

resistance gene in carbapenem-resistant 

Enterobacteriaceae [24–26]. In contrast, KPC-type 

carbapenemases, including CRKP-2, though dominant 

in the Americas and parts of Europe, appear to be less 

prevalent in South Asian contexts [27]. 

The absence of bla<sub>CRKP-2</sub> in all isolates 

also supports previous surveillance data that indicates 

geographical clustering of different carbapenemase 

types. This variation may be attributed to differential 

antibiotic prescribing practices, horizontal gene 

transfer dynamics, and local infection control 

measures [28]. The uniform presence of 

bla<sub>OXA-48</sub> in all resistant isolates also 

raises concern over plasmid-mediated transmission. 

OXA-48 genes are typically located on IncL/M 

plasmids, which are known for their efficient 

conjugation and stable inheritance, thus facilitating 

widespread dissemination within hospital 

environments [29]. 

The genotypic findings are corroborated by BLAST 

analysis, which confirmed high sequence identity with 

reference OXA-48 genes deposited in GenBank. This 

reinforces the specificity of the primers used and 

validates the PCR-based approach for rapid molecular 

diagnostics. The accuracy and speed of PCR 

underscore its superiority over conventional 

phenotypic methods, which may lack sensitivity or 

fail to differentiate between enzyme types. Molecular 

methods, therefore, are indispensable for effective 

surveillance and outbreak management [30]. 

From a clinical standpoint, the rising prevalence of 

OXA-48-producing K. pneumoniae poses significant 

challenges. These strains are often resistant not only 

to carbapenems but also to multiple other antibiotic 

classes, leaving limited therapeutic options such as 

colistin and tigecycline—both associated with high 

toxicity and limited efficacy [31]. The high resistance 

rates to meropenem (33.97%) and ertapenem 

(37.82%) observed in the present study mirror 

national and international trends, where carbapenem 

resistance in Enterobacteriaceae continues to escalate 

[32,33]. 
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Moreover, the statistical significance found in 

resistance variation (ANOVA, p = 0.00065) and 

distribution patterns (Chi-square test) highlights that 

carbapenem resistance is not a random occurrence but 

reflects an evolving epidemiological trend within the 

healthcare ecosystem. Targeted antimicrobial 

stewardship interventions, combined with active 

molecular surveillance, are essential to curb this trend 

[34]. 

Infection control policies must prioritize early 

detection of OXA-48 carriers to prevent nosocomial 

transmission. Asymptomatic colonization is common 

and may act as a silent reservoir, particularly in ICU 

and long-term care patients [35]. Screening protocols, 

contact precautions, and strict antibiotic stewardship 

are crucial components of any effective containment 

strategy. 

 

CONCLUSION 

The study underscores the predominance of OXA-48 

carbapenemase among K. pneumoniae isolates in the 

clinical setting, with CRKP-2 notably absent. This 

reflects the regional molecular epidemiology of 

carbapenem resistance and emphasizes the need for 

precise, gene-level diagnostics in clinical 

microbiology. The findings advocate for enhanced 

molecular monitoring and strategic policy action to 

manage the growing threat of antimicrobial resistance 

in resource-limited healthcare systems. 
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